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STRUCTURE FOR REDUCING LEAKAGE CURRENTS AND HIGH CONTACT 
RESISTANCE FOR EMBEDDED MEMORY AND METHOD FOR MAKING SAME 

BACKGROUND OF THE INVENTION 

(1) FIELD OF THE INVENTION 

This invention relates to semi conductor integrated 
circuit devices, and more particularly to a structure and 
method for making contact openings for embedded dynamic 
random access memory (DRAM) circuits. The structure and 
process are particularly useful for making contact openings 
in an insulating layer to the top electrode of the DRAM 
capacitor with low contact resistance, while concurrently 
etching contact openings to the substrate for bit-line 
contact openings and for contact openings to the logic areas 
without overetching the contact areas which would otherwise 
result in high leakage currents. 

(2) DESCRIPTION OF THE PRIOR ART 

Integrated logic and DRAM structures, also referred to 
as embedded memory, are becoming increasingly important for 
future product applications. These advanced circuits 
require field effect transistors (FETs) with shallower 
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diffused junctions in logic areas to improve performance, 
while forming DRAM capacitors having reduced size and 
low-electrical-contact resistance to the top electrode. 
However, when a single masking step is used, it is difficult 
to make contacts to shallow diffused junctions for the FETs 
without overetching, while concurrently forming low- 
electrical-resistance contacts to the DRAM capacitor. This 
problem for a conventional (prior-art) logic/DRAM integrated 
structure using stacked capacitors is best described with 
reference to Fig. 1, in which the logic area is shown on the 
left (labeled Logic) , and the DRAM area with stacked 
capacitors is depicted on the right (labeled DRAM) . A 
typical structure consists of a semiconductor substrate 10 
in which shallow trench isolation 12 is formed to 
electrically isolate the device areas. FETs are formed by 
growing a gate oxide 16, and by depositing a polysilicon 
layer and patterning to form gate electrodes 18. Lightly 
doped drains 24 are implanted, sidewall spacers 22 are 
formed on the gate electrodes, and another implant is used 
to form the source/drain contact areas 25. A metal silicide 
is then used, such as in a salicide process, to make 
contacts 26 to the gate electrodes 18, to the shallow 
source/drain contact areas 25, and bit-line contacts, also 
labeled 25, in the DRAM area. Next, a planar insulating 
layer 28 is formed over the FETs. Storage node contacts 30 
are formed in the insulating layer 28 for capacitor bottom 
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electrodes 32 in the DRAM area. The capacitors are 
completed by depositing sequentially an inter electrode 
dielectric layer 34, depositing a conducting layer for top 
electrodes 36, and forming an anti -reflective coating (ARC) 
38, and patterning. A second insulating layer 40 is then 
deposited and planarized over the capacitors . More 
specifically, the problem arises when a single mask is used 
to etch the contact openings 1 of varying depths to the 
shallow diffused junctions 25 and through the ARC 38 to the 
capacitor top electrodes 36. In order to etch through the 
ARC 38 at the region R in opening 1 for low contact 
resistance, the shallow diffused junctions 25 can be 
overetched resulting in high-leakage currents. The 
conventional process that utilizes two separate masking and 
etching steps is not cost-effective and can cause alignment 
problems on integrated circuits having 0 . 1 micron (urn) 
minimum feature sizes. 

This problem also arises for conventional trench 
capacitors as depicted in Fig. 2. In Fig. 2 the RAM cell 
region is depicted on the left, and the logic region is 
depicted on the right. In this approach shallow trench 
isolation 12 is formed in a substrate 10 . FET devices are 
formed similar to the process for making the logic/DRAM 
structures having stacked capacitors. In this approach, the 
trench capacitors are formed by recessing the STI 12 , and 
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forming bottom electrodes 104 in the recesses. Next, a 
stacked layer composed of an interelectrode dielectric layer 
106, a conducting layer 108, and an anti -reflective coating 
(ARC) 110 is deposited. The stacked layer is patterned to 
form the top electrodes 108, having the ARC 110 on the 
surface, for the trench capacitors. Then an insulating 
layer 114 is deposited and planarized. Next, a single mask 
and etching step are used to form contact openings 116 of 
varying depths to make contact to the diffused junctions 25, 
to the gate electrodes 18 , and to the capacitor top 
electrodes 108. However, when the contact openings 116 are 
etched down to the shallow diffused junctions 25, the 
contact opening etched to the capacitor top electrode is not 
completely etched through the ARC 110, resulting in high 
contact resistance, as indicated by the point R in Fig. 2. 
If the contact openings 116 are etched through the ARC 110 
to make good ohmic contact, the contact openings 116 to the 
shallow diffused junctions 25 are overetched resulting in 
damage (high-leakage currents) . 

Several methods for making contact openings to 
capacitors for logic/DRAM circuits have been reported in the 
literature. For example, in U.S. Patent 6,403,417 Bl to 
Chien et al . , a method is described for making via holes and 
strip contact holes for embedded memory. In their approach 
the via holes and the contact holes are formed separately in 
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the dielectric layer. Chien et al. are silent about using a 
single masking step. In U.S. Patent 6,485,988 B2 to Ma et 
al . , a method is described for using a hydrogen-free contact 
etch for ferroelectric capacitor formation. Ma et al. are 
also silent about using a single masking step for forming 
contact openings to varying depths . 

However, there is still a need in the semiconductor 
industry to provide a process for making logic circuits with 
embedded DRAM devices using a single mask for etching 
contact openings of varying depths without resulting in high 
contact resistance to capacitor top electrodes and high 
leakage currents to shallow diffused junctions on/in the 
substrate surface. 

SUMMARY OF THE INVENTION 

A principal object by a first embodiment of the present 
invention is to provide an insulating layer having contact 
openings of varying depths on a merged logic/DRAM structure 
with stacked capacitors, whereby contacts with low-leakage 
current are formed to the substrate, while concurrently 
contacts with low-contact resistance are formed to the 
capacitor top electrodes having an ARC layer on the surface. 
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A second objective of the present invention is to 
provide contact openings that partially extend over the edge 
of the capacitor top electrodes of the DRAM thereby 
providing for low-contact-resistance contacts to the 
sidewalls of the top electrodes of the DRAM capacitors. 

A third objective of the present invention is to form 
the contact openings of varying depths using a single 
masking step thereby eliminating the need for additional 
masking steps and also reducing manufacturing costs. 

Another objective by a second embodiment of this 
invention is to provide an insulating layer having contact 
openings of varying depths on a merged logic/DRAM structure 
with trench capacitors, whereby contacts with low- leakage 
current are formed to the substrate, while concurrently 
contacts with low-contact resistance are formed to the 
capacitor top electrodes having an ARC layer on the surface. 

Another objective of the present invention by a second 
embodiment is to form open areas in an ARC layer and in the 
underlying top electrodes down to the trench isolation 
regions on the substrate, which allows contact openings to 
be etched in an overlying planar insulating layer down to 
and extending over the edges of the open areas in the top 
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electr des, thereby providing for contacts having low- 
contact resistance to the sidewalls of the top electrodes. 

Still another objective by a second embodiment is to 
form a series of skewed and/or elongated contact openings in 
an insulating layer along the edges of the open areas in the 
top electrodes to provide greater latitude in misalignment 
when forming contacts having low-contact resistance. 

A further objective of the second embodiment is to form 
the contact openings of varying depths using a single 
masking step thereby eliminating the need for additional 
masking steps and also reducing manuf acturing costs. 

The method for achieving the above objectives for these 
improved embedded DRAM/logic circuits starts by providing a 
semiconductor substrate. Typically the substrate is a P~ 
doped single-crystal silicon having a <100> crystallographic 
orientation. A field oxide is formed using shallow trench 
isolation (STI) to surround and electrically isolate device 
areas, having semiconductor devices, in logic regions and 
DRAM regions on and in the substrate. Typically the 
semiconductor devices are FETs having gate electrodes, a 
gate oxide, and source/drain areas. The FETs include a 
self -aligned silicide on the gate electrodes and the 
source/drain areas. A first insulating layer is deposited 
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on the substrate and planarized. Node contact openings are 
etched in the planar first insulating layer to the devices 
in the memory region, and node contacts are formed for 
capacitor bottom electrodes . A first conducting layer is 
deposited and patterned to form bottom electrodes over the 
node contacts . A stacked layer comprised of an inter- 
electrode dielectric layer, a second conducting layer, and 
an anti -reflective coating is deposited sequentially over 
the bottom electrodes. The stacked layer is patterned to 
form capacitor top electrodes, and exposes the sidewalls of 
the second conducting layer. A second insulating layer is 
deposited on the substrate and over the top electrodes and 
planarized. One key feature of this invention is to use a 
single masking step to etch contact openings of varying 
depths in the second and first insulating layers for 
contacts to the FET gate electrodes and source/drain areas 
on the substrate in the logic region and memory region. A 
second key feature of this invention is to modify the design 
of the etch mask to etch contact openings that extend over 
and along the edge of the top electrodes to expose the 
second conducting layer and provide a means for forming 
contacts having low contact resistance to sidewalls of the 
top electrodes . The contact openings can now be etched to 
the substrate without overetching, which would damage the 
contacts on the substrate, while providing openings for 
low-resistance contacts to the capacitor top electrodes. 
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The method by a second embodiment is described for 
making contact openings of varying depths in an insulating 
layer on a substrate for merged logic/memory having trench 
capacitors. The method begins similar to the first 
embodiment up to and including the formation of the shallow 
trench isolation. After forming the trench isolation, 
semi conductor devices, such as FETs, are formed in device 
areas. Next, recesses are formed in the shallow trench 
isolation in the memory regions (RAM) for trench capacitors . 
A conformal first conducting layer is deposited and 
patterned to form capacitor bottom electrodes in the 
recesses. A stacked layer comprised of an interelectrode 
dielectric layer, a second conducting layer, and an 
anti-reflective coating (ARC) is deposited over the bottom 
electrodes. The stacked layer is patterned to form 
capacitor top electrodes from the second conducting layer. 
A key feature is to form open areas in the stacked layer 
during patterning of the top electrodes. During patterning 
the sidewalls of the second conducting layer are exposed 
within the open areas . An insulating layer is deposited on 
the substrate and over the top electrodes having the ARC. 
The insulating layer is planarized. Another key feature is 
to use a novel mask design and a single masking step to etch 
contact openings of varying depths in the planar insulating 
layer for contacts to the FETs on the substrate and, in the 



9 



TSMC2002-1033 

memory regions (RAM) , concurrently etching contact openings 
extending over and along the edge of the top electrodes in 
the open areas to expose the second conducting layer. This 
etching step allows one to etch contact openings to the 
substrate without overetching, while providing a means for 
forming contacts having low-contact resistance to the 
sidewalls of the top electrodes. Another feature of the 
mask design is to form a series of contact openings, for 
example, two contact openings are etched over the edge of 
the patterned second conducting layer in the open areas on 
opposite sides of the open areas to allow for more relaxed 
alignment tolerances. Another method is to form a series of 
contact openings that are skewed along the edges of the 
patterned second conducting layer on opposite sides of the 
open areas to also provide for more relaxed alignment 
tolerances. Further, a series of contact openings that are 
elongated normal to the edge of the patterned second 
conducting layer can be formed to also relax the alignment 
tolerances . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of this invention are 
best understood with reference to the attached drawings in 
the figures. 
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Figs. 1 and 2 are schematic cross-sectional views 
showing a portion of a logic/memory circuit for a prior art 
that shows contact openings that would result in overetched 
substrate contacts or high-contact resistance to a capacitor 
top electrode for a stacked capacitor or a trench capacitor f 
respectively . 

Figs. 3 through 5 are schematic cross-sectional views 
showing the sequence of process steps for making contact 
openings of varying depths , by a first embodiment, for 
making a logic/memory circuit without having overetched 
contacts to the substrate, while having low-contact 
resistance openings to the top electrode of a stacked 
capacitor . 

Figs. 6, 7, 8A and 8B are schematic cross-sectional 
views showing the sequence of process steps for making 
contact openings of varying depths, by a second embodiment, 
for making a logic/memory circuit without having overetched 
contacts to the substrate, while having low-contact 
resistance openings to the top electrode of a trench 
capacitor . 

Figs. 9 and 10 are schematic top views showing the 
sequence of process steps for making contact openings that 
are skewed and elongated normal to the edge of a capacitor 
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top electrode, respectively, by a second embodiment , for 
relaxing the alignment tolerance. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The method for making contact openings of varying 
depths in a planar insulating layer on a substrate having 
logic/memory circuits using a single masking and etching 
step is now described in detail. The method results in 
contacts that are damage-free at the substrate surface while 
providing contact openings for low-contact resistance to 
capacitor top electrodes with an anti -reflective coating 
(ARC) . Although the invention is described for making 
contacts to top electrodes of a stacked or a trench 
capacitor, it should be understood by those skilled in the 
art that the contact openings can be made, in general, to a 
conducting layer having an ARC on the surface. However, the 
method is particularly useful for making low-resistance 
contacts to capacitor top electrodes . 

Referring now to Fig. 3, the method begins by providing 
a semi conductor substrate 10, a portion of which is shown in 
the Figs. Figure 3 shows a schematic cross-sectional view 
of the substrate having a logic region labeled "Logic" for 
logic circuits on the left, and a memory region labeled 
"DRAM" for DRAM circuits on the right. For practical 



12 



TSMC2002-1033 



reasons, only two DRAM cells each having a stacked capacitor 
are depicted of the multitude of memory cells formed in an 
array of cells. The preferred substrate 10 is a P~ doped 
single-crystal silicon having a <100> crystallographic 
orientation. Field oxide regions 12 are formed surrounding 
and electrically isolating device areas in both the logic 
and memory regions. For advanced high-density circuits the 
preferred field oxide 12 is a Shallow Trench Isolation 
(STI) . Briefly, the STI 12 is formed by etching trenches in 
the field oxide areas on the substrate to a depth of between 
about 2000 and 6000 Angstroms. The trenches are filled with 
an insulating material, such as chemical-vapor-deposited 
silicon oxide (CVD-Si0 2 ) . The STI is made planar with the 
surface of the substrate 10, for example , by using a 
planarizing etch-back technique or by chemical -mechanical 
polishing (CMP) . 

Referring still to Fig. 3, FETs are formed in the 
device areas. Briefly the FETs are formed by growing a gate 
oxide 16 on the device areas of the substrate. A doped 
polysilicon layer is deposited and patterned to form gate 
electrodes 18. Then lightly doped source/drain areas 24 are 
implanted in the substrate, self -aligned to the gate 
electrodes 18. Sidewall spacers 20 are formed on the gate 
electrodes 18 by depositing and anisotropically etching back 
a CVD oxide, such as silicon oxide. A second implant is 
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used to form the source/drain contact areas 25 adjacent to 
the sidewall spacers 20. For CMOS devices both N- and 
P-channel FETs can be formed by providing N wells and P 
wells (not shown) in the substrate. As circuit density 
increases and device feature sizes decrease, it is desirable 
to form very shallow diffused junctions for the source/drain 
contact areas to achieve improved performance. However, 
during subsequent processing when contact openings are 
etched, the shallow diffused junctions can be easily 
damaged. Next, to provide good ohmic contacts to the 
polysilicon gate electrodes 18 and to the diffused regions 
25, a self -aligned silicide (salicide) process is used, 
which consists of depositing a relatively thin metal 26 that 
is annealed to selectively react with the silicon in the 
gate electrodes 18 and on the substrate 10. The unreacted 
metal on Si0 2 surfaces is then removed to form the 
self-aligned contacts. Next, a first insulating layer 28 is 
deposited on the substrate. Layer 28 is preferably Si0 2 
deposited by chemical vapor deposition. The first 
insulating layer 28 is then planarized, for example by CMP, 
to have a thickness of between about 3000 and 8000 Angstroms 
to the substrate surface 10. Alternatively layer 28 can be 
a borophosphosilicate glass (BPS6) . Node contact openings 
are then etched in the planar first insulating layer 28 to 
the devices in the memory region, and node contacts 30 are 
formed in the node contact openings for capacitor bottom 
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electrodes. For example, a doped polysilicon layer can be 
deposited and polished or etched back to form the node 
contacts 30. 

Referring to Fig. 4, a first conducting layer is 
deposited and patterned to form bottom electrodes 32 over 
the node contacts 30. For example, the first conducting 
layer can be a doped polysilicon deposited to a thickness of 
between about 2000 and 15000 Angstroms. Conventional 
photolithographic techniques and anisotropic plasma etching 
are used to pattern the first conducting layer. For 
example, the etching can be carried out using reactive ion 
etching and an etchant gas containing chlorine species. 
Next, a stacked layer comprised of an interelectrode 
dielectric layer 34, a second conducting layer 36, and an 
anti -reflective coating 38 is deposited sequentially over 
the bottom electrodes 32 . The interelectrode dielectric 
layer 34 is preferably silicon oxide/silicon nitride/silicon 
oxide (ONO) . When the bottom electrode 32 is polysilicon, 
the ONO can be formed by growing a thin thermal Si0 2 , 
forming a Si 3 N 4 on the surface, and then reducing the Si 3 N 4 
to form a Si0 2 layer. The ONO is formed to a preferred 
thickness of between about 20 and 150 Angstroms. 
Alternatively, other high-dielectric materials, such as 
tantalum pentoxide, can be included in layer 34 to increase 
capacitance. The second conducting layer 36 is a material 
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such as doped polysilicon, titanium nitride (TiN) , tantalum 
nitride (TaN) , ruthenium (Ru) , or tungsten nitride (WN) , and 
is deposited to a preferred thickness of between about 50 
and 3000 Angstroms. The ARC layer 38 is then deposited on 
the second conducting layer 36. Layer 38 is a material such 
as silicon oxynitride, titanium nitride, or tantalum 
nitride. The ARC layer 38 is deposited to a thickness that 
minimizes the optical reflections and to improve image 
fidelity when exposing and etching the stacked layer 
(34,36,38) to form the capacitor top electrodes. More 
specifically, the ARC layer 38 is deposited to a thickness 
of between about 100 and 1000 Angstroms. A photoresist etch 
mask (not shown) is used to pattern the stacked layer to 
form the top electrodes 36 having the ARC layer 38 on the 
surface. During etching the sidewalls of the top electrodes 
are exposed. After completing the top electrodes, a second 
insulating layer 40 is deposited on the substrate and over 
the top electrodes 36. The second insulating layer 40 is 
preferably Si0 2 deposited by chemical vapor deposition to a 
preferred thickness of between about 3000 and 2000 
Angstroms. The second insulating layer 40 is then 
planarized, for example by CMP, to have a thickness of 
between about 2000 and 6000 Angstroms over the top 
electrodes 36. Alternatively layer 40 can be a borophospho- 
silicate glass. 
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Referring to Fig. 5, one key feature of this invention 
is to use a single masking step to etch contact openings 1 
of varying depths in the second insulating layer 40 and 
first insulating layer 28 for contacts to the FET gate 
electrodes 18 and to source/drain contact areas 25 on the 
substrate in the logic region and memory region having the 
salicide layer 26 on the surface. The etching is carried 
out, for example, using anisotropic plasma etching and an 
etchant gas mixture such as one that contains a fluorine 
etch species. A second key feature of this invention is to 
modify the design of the etch mask (not shown) to etch 
contact openings 2 that extend over and along the edge of 
the top electrodes 36 to expose the sidewall area A of the 
second conducting layer, and to provide a means for forming 
contacts having low-contact resistance to sidewalls of the 
top electrodes 36. This modified etch-mask design allows 
the contact openings 1 to be etched to the substrate without 
overetching and causing damage to the contacts on the 
substrate, while providing openings 2 that extend along the 
edge of the capacitor top electrodes to provide for 
low-resistance contacts. The contact openings 1 and 2 are 
filled with a conducting material 42, such as tungsten. 
Layer 42 is then polished or etched back to the surface of 
the second insulating layer 40 to complete the contacts. 
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Referring to Fig. 6, a second embodiment of this 
invention is now described for making contact openings of 
varying depths in an insulating layer on a substrate for 
merged logic/memory having trench capacitors. However, in 
this embodiment the logic region is depicted on the right of 
Fig. 6 and the memory region is depicted on the left. The 
method begins similar to the first embodiment. After 
forming the trench isolation 12, semiconductor devices, such 
as FETs having gate electrodes 18, which include shallow 
lightly doped source/drain areas 24, and shallow source/ 
drain contact areas 25, are formed in device areas, as in 
the first embodiment. 

Still referring to Fig. 6, trench capacitors are formed 
in the shallow trench isolation 12 in the memory region 
(RAM) by forming recesses 102 in the STI 12. The recesses 
are preferably etched to a depth of between about 500 and 
4000 Angstroms. The STI within the recess 102 can have 
raised portions 12' to increase the capacitor area thereby 
increasing capacitance. Next, a conformal first conducting 
layer 104 is deposited. Layer 104 is preferably doped 
polysilicon and is deposited to a thickness of at least 
about 500 Angstroms. Layer 104 is patterned over the 
recesses to form capacitor bottom electrodes 104. 
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Continuing with Fig. 6, a st eked layer comprised of an 
interelectrode dielectric layer 106, a second conducting 
layer 108, and an anti -reflective coating 110 is deposited 
sequentially over the bottom electrodes 104. The inter- 
electrode dielectric layer 106 is preferably silicon 
oxide/silicon nitride/ silicon oxide (ONO) . When the bottom 
electrode 104 is polysilicon, the ONO can be formed by 
growing a thin thermal Si0 2 , forming a Si 3 N 4 on the surface, 
and then reducing the Si 3 N 4 to form a Si0 2 layer. The ONO 
is formed to a preferred thickness of between about 20 and 
150 Angstroms. Alternatively, other high-dielectric 
materials, such as tantalum pentoxide, can be included in 
layer 106 to increase capacitance. The second conducting 
layer 108 is a material such as doped polysilicon, titanium 
nitride, tantalum nitride, tungsten nitride, or ruthenium, 
and is deposited to a preferred thickness of between about 
50 and 3000 Angstroms. The ARC layer 110 is then deposited 
on the second conducting layer 108. Layer 110 is a material 
such as silicon oxynitride, titanium nitride, or tantalum 
nitride. The ARC layer 110 is deposited to a thickness that 
minimizes the optical reflections and to improve image 
fidelity when exposing and etching the stacked layer 
(106,108,110) to form the capacitor top electrodes. A 
photoresist etch mask (not shown) is used to pattern the 
stacked layer to form the top electrodes 108 having the ARC 
layer 110 on the surface. 
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As shown in Fig. 6 and in the top view of Fig. 7, a key 
feature by the second embodiment is to form open areas 112 
in the stacked layer during patterning of the top 
electrodes. In the top view of Fig. 7 only a portion over 
the open areas 112 is shown to simplify the drawing and to 
depict the novel feature of the invention. During the 
patterning the sidewalls of the second conducting layer 108 
are exposed within the open areas 112. An insulating layer 
114, such as Si0 2 and/or BPSG, is deposited on the substrate 
and over the top electrodes having ARC 110. The insulating 
layer 114 is then planar ized to have a thickness of between 
about 3000 and 8000 Angstroms over the top electrodes. 
Another key feature is to use a novel mask design and a 
single masking step to etch contact openings 116 of varying 
depths in the planar insulating layer 114 for contacts to 
the FETs on the substrate 10 , and concurrently etching 
contact openings 117 in the memory regions (RAM) that extend 
over and along the edge of the top electrodes 108 in the 
open areas 112 to expose the second conducting layer 108 
(top electrodes) . The contact openings 117 are formed on 
opposite edges of the top electrode in the open area 112 to 
provide for increased latitude in alignment tolerance. This 
etching step allows one to etch contact openings 116 to the 
substrate without overetching the shallow junctions 25, 
while providing a means for forming contact openings 117 
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having low-contact resistance to the sidewalls of the top 
electrodes 108 can be made. The contact openings 116 and 
117 are filled with a conducting material 120, such as 
tungsten. Layer 120 is then polished or etched back to the 
surface of the insulating layer 114 to complete the contacts 
120. 

Referring to Figs. 8A and 8B, to better appreciate the 
advantages of the invention, Fig. 8A shows a cross-sectional 
view of misaligned contact openings 117 over a portion of 
the substrate having an open area 112 . When the contact 
opening 117 is misaligned to the left (117L) , the contact 
opening on the left remains in the ARC layer and forms a 
poor contact, while the contact opening 117R extends over 
the side of the top electrode 108 and forms a good contact. 
And vice versa, if the contact openings 117 are misaligned 
to the right, then opening 117L forms a good contact, while 
opening 117R forms a poor contact. Fig. 8B is a top view 
showing the layout of the contact openings 117 misaligned to 
the left. 

To further increase the latitude in alignment 
tolerances, a series of contact openings 117 are formed in 
the insulating layer 114 along the edges of the top 
electrode, as shown in the top view of Fig. 9. More 
specifically, the series of contact openings are skewed 
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along the edges of the top electrode 108 in the open area 
112. 

Still another approach for increasing the latitude in 
alignment tolerances is to form a series of elongated 
contact openings 117 in the insulating layer 114 along the 
edges of the top electrode 108, as shown in the top view of 
Fig. 10. More specifically, the series of contact openings 
117 are elongated normal to the edge of the patterned second 
conducting layer 108 can be formed. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made without 
departing from the spirit and scope of the invention. 



What is claimed is: 
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